Many investigators differ in opinion regarding the clinical concept and accurate criteria for the definition of surgically arrested hydrocephalus. We have studied the diagnostic criteria and various conditions of arrested hydrocephalus through the investigation of a series of 67 patients treated by shunting operation for progressive hydrocephalus. Of these, shunts were removed in 14 cases and these patients had no need for further treatment. We made investigations using neurological, morphological, neuroradiological and psychologi cal methods, CSF dynamic studies including radioisotope cisternography and in traventricular CSF pressure measurements, and biochemical study of fatty acid in CSF.
drocephalus. In our clinic, infantile hydro cephalus was subdivided into four major groups (Table 1) . Group A consisted of 41 cases with congenital hydrocephalus, Group B of 10 cases with bacterial meningitic hydrocephalus, Group C of 13 hydrocephalic patients accom panied by central nervous system anomalies, and Group D of 3 cases with hydrocephalus of unknown origin. The percentage of mortality in the four main etiological groups differed significantly. In Group A the mortality rate was the highest among four groups and arrested hydrocephalus occured in only four cases. In Group B, arrested hydrocephalus was found in five cases (50%). Eleven of 14 cases of arrested hydrocephalus was of the communicating type. For the purpose of the evaluation of the state of a arrested hydrocephalus, we investigated not only neurological, psychological and mor phological signs, but also cerebrospinal fluid dynamics, which has recently become the focus of attention in the study of hydrocephalus. For the latter we used such tests as ventricular CSF pressure study and isotope cisternography. Then biochemical analysis of fatty acid, one of the significant metabolic factors in the CSF, was done (Table 2) .
Results
The preoperative duration of pressure symp toms and thickness of the cerebral mantle at the time of operation were examined in each group (Fig. 1) . Before shunting procedure, Group B received prolonged antibiotic treatment for me ningitis. However, all the patients were treated with shunting operation within 2.5 months after birth. The thickness of the cerebral mantle was more than 20 mm in 11 cases. In two cases it was less than 14 mm at the time of operation. were recognized as shown in Table 3 . The difference of neurological signs between the pro gressive and the arrested cases was statistically significant. These neurological sequelae are variable ac cording to the etiology and grade of hy drocephalus.
There appears to be significant association between neurological sequelae and the etiology of the hydrocephalus.
For their developmental assessment of infants and child ren, studies by Tanaka-Binet, Wechsler In telligence Scale (WISC), Wechsler Pre-school and Primary Scale of Intelligence (WPPSI) were carried out at annual intervals according to the age of the children. Among the total 14 cases with an average age of 6 years and 5 months, six patients including three of four cases in Group A showed an IQ score of more than 85. The patients in Group B, in general, had low IQ. Causes for the lower IQ were considered to be the influence of severe infection and brain damage rather than hy drocephalus per se (Table 4) . Judgement of physical handicaps in survivors of hy drocephalus was made using a modified version of Laurence's classification (1969) , and physical disability of the 14 cases was divided into three levels according to severity (Table 5) .
Many of the children in Group A and B recovered to lead satisfactory and meaningful lives. In Group A, two patients had handi caps that required some nursing.
For the purpose of morphological evaluation of the skull and brain, the thickness of the cerebral mantle was measured by air study, and head circumference was also measured. Head enlargement was confirmed by plotting the head circumference on a Nellhaus's standard chart. Though head enlargement is always present in infancy, abnormal head enlargement was observed before shunting operation in all cases (Fig. 2) .
After the shunting operation, the rate of ab normal head growth usually decreased but sometimes continued for a period, and then gradually returned to the standard range. In general, the head which had been abnormally enlarged for the patients's age and sex, resumed growth at a normal rate within 1 year after the shunting operation and no abnormal enlarge ment was seen except when malfunction of the shunt occurred. (by M. Laurence 1969) Fig. 3 Thickness of the frontal cerebral mantle before and after operation. The expansion of the frontal cerebral mantle was remarkable in group A (mean: 28 mm). The cerebral mantle increased from 8 to 30 mm in thickness in six cases (Fig. 3) . The average increase rate was 28 mm in Group A, and 7 mm in Group B and C. Two cases in Group B, however, showed an increase of only 5 mm. The postoperative increase in thickness of the cerebral mantle was the largest in congenital hydrocephalus cases and the smallest in post menigitic hydrocephalus cases. components while in progressive hydrocephalus with large ventricle the pulse waves were com posed of monophasic components and tended to be slower in elevation and higher in amplitude. The CSF mean pressure was found to be con stant in arrested hydrocephalus during con tinuous long-term monitoring of the intra ventricular CSF pressure. On the contrary, progressive hydrocephalus often manifested ab normal rises in CSF mean pressure and its elevation became remarkable (Fig. 5) . While in arrested cases, the pulse waves consist of multiphasic components.
Fig. 6 Constant saline injection and loading test. CSF pressure rapidly rises and returns to its pre vious level within about five minutes after saline injection. In addition, intraventricular saline loading methods (Holtz's modification 1970) were also examined. These techniques are helpful in the evaluation of the need for shunting procedure in patients with enlarged ventricular systems and this procedure can also be applied in the study of arrested hydrocephalus. The results are shown in Fig. 6 . In arrested cases pressure curve re sponds with a rapid rise and then resumes its previous level within 5 minutes after saline in jection. The findings in progressive cases were quite different in responce to saline infusion from those obtained in arrested cases.
It is well-known that radioisotope cisterno graphy is very useful for obtaining information about the functional status of CSF circulatory dynamics. Changes in cisternographic pattern of the preoperative and arrested state were gen erally as follows (Fig. 7) . In the pre-operative stage ventricular stasis was observed in every case. In communicating hydrocephalus a scanty convexity flow of radioisotope was seen only in three patients and was not noted in most of the other cases. In the arrested stage various chan ges of RI-pattern were observed. Only in a few cases, ventricular reflux with early RI-clearance and convexity RI-flow which indicate improve ment of CSF circulation and absorption were observed (Fig. 8) . However, at present, complete understanding of changes of RI-cisternographic figures is difficult. In the near future, it is hoped that these analyses will become possible.
Changes of metabolism in CSF are sometimes useful to indirectly estimate the process of brain disease. Therefore, studies of lipid or fatty acid, which is one of the main components of brain tissue, are significant and must be given the same attention as studies of protein and nucleic acid metabolisms. The authors have reported significant results about changes of fatty acid composition in CSF in infantile hydrocephalus . After shunting operation, the total value of fatty acid in CSF decreases to the normal range. The total value of fatty acid in CSF was measured at 12 months and 2 years after operation, re spectively. The value decreased or was within the normal range in cases showing good prog nosis while it was very high or showed remark able fluctuations in the dead and poor cases. In eight of the arrested cases long-term follow-up study proved that the total value of fatty acids decreased to normal range and showed stability after shunting operation (Fig. 9) . When the total value of fatty acids was high or showed fluc tuations as in progressive cases, the condition of the patient did not improve to an arrested hy drocephalic state. (Table 6) . As to what the condition of arrested hy drocephalus is, Laurence16) and Matson281 have already argued about the clinical definition. The criteria of arrested hydrocephalus have been defined by Matson21j (1969) , and Hageberg and Sjogren8) (1966) as follows: 1) a large head, usually in or above the 90th percentile in normal head growth, 2) a history of satisfactory de velopment until the age of 6 to 8 years in im proved cases, 3) mild to moderate ataxia, 4) mild moderated spastic paraparesis, and 5) mental retardation that borders on educability, etc. This conception consists of morphological and neuropsychological con siderations.
Recently, many authors have been discussing the application of various measures of CSF dynamics9.15.20.25.291 to obtain more accurate criteria for the definition of arrested hy drocephalus. The combined use of these pro cedures such as RI cisternography'9•721, intra ventricular fluid pressure wave 241 and pulse wave measurements' 5), and loading test3" 5.25) can be applied in the study of ar rested hydrocephalus. The results may be valu able adjuncts in assessing whether or not the hydrocephalic process is arrested . Thus, arrested hydrocephalus may best be defined in terms of normal CSF dynamics, total arrest of neurologi cal sign and clinical evidence of continued mental-motor development with increasing age . It seems, however, that such cases are very rarely observed. As physiological and anatomical de velopment is characteristic in children , the diag nosis of "arrested" should not be made unless evidence of continuing mental-motor develop ment is shown with increasing age. Matson21 ) , Milhorat23) and Matsumoto27) emphasized these facts. Especially, Matson and Milhorat emphasized that such continuing mental-motor development could be recognized only in cases treated surgically in an early stage and was never seen in naturally arrested cases. The distinction is made on clinical grounds alone and requires a prolonged follow up for adequate documen tation. Matson21) called the attention of physi cians to the importance of the correct use of the term "arrested." vivors. In a report, published in 1962, he em phasized that no correlation was found between intelligence, head size, cerebral mantle thickness or duration of progressive disease. Many in vestigators stated that the head circumference, thickness of the cerebral mantle and intelligence could not be correlated. However, recent clinical surveys by many authors' 0'26.311 have revealed that infants with hydrocephalus were more likely to have a good IQ when they were treated before the age of 2 to 6 months. Lorber18) and others21 ) have also emphasized the correlation with age, but they found no correlation between the preoperative thickness of the cerebral mantle and ultimate intellectual development. These findings suggest that as the young infant's brain is in some way more vulnerable than that of the older child, hydrocephalus should be managed in the early stage. Histological studies of in fantile hydrocephalus 23,30) revealed progressive gliosis in chronic hydrocephalic state together with finding of cerebral atrophy. We") have previously found that adequate treatment of congenital hydrocephalus with a cerebral mantle thickness of more than 25 mm within three months after birth will nearly always result in a child with the potential for normal or relatively unimpaired intelligence.
The characteristics of cranial enlargement in infantile hydrocephalus have been previously described."") An abnormally enlarged head may decrease in size after shunting operation, and then continuous head growth usually is resumed at normal rate within 1 year after the operation.
In Laurence's series,'"') "arrest" took place between the age of 9 months and 2 years. How ever, he has not accurately presented his criteria for arrested hydrocephalus.
On the other hand, Matson21,28) states that if the head size shows above the 90th percentile of figures taken from standard growth curves and until the child does not completely catch up to his normal place on the curve, the hy drocephalus cannot in fact be said to have reached an arrested state. But, the authors believe that evaluation based on only a mor phological conclusion is not sufficient.
Fundamental" 9.24) and clinical studies3,9,2s) of CSF dynamics expedited progress in the ac curate criteria for the definition of arrested hy drocephalus.
Recently, many valuable results have been reported by using the pattern of CSF bulk flow and absorption by isotope cisterno graphy,'•22) indirect measurement of CSF absorptive capacity by constant infusion saline manometry, and analysis of mean CSF pressure measurement. 3,5) Especially, Foltz9) investigated the intra ventricular wave form and loading of the CSF compartment by saline to demonstrate an effect of pressure in the ventricle as well as in the subdural space in hydrocephalic patients. In the progressive hydrocephalic patient, the ventri cular and subdural wave forms are very similar. In arrested hydrocephalus, the ventricular wave form is considerably modified by passing through the overlying brain.
Generally, three factors, that is intracranial CSF pressure, ventricular volume and intra cranial blood volume play an important role in the compensatory mechanism in hydro cephalus.
In our study, we used the rapid saline injection and loading test in compensated and arrested hydrocephalus.
We considered that the compensated state was a loss of relationship of three factors.
There were also differences in intraventricular pulse wave form between the progressive hy drocephalus with thin cerebral mantle and arres ted hydrocephalic patients with thick cerebral mantle, and the significant difference was con sidered to have relation to cerebral blood volume/pressure and CSF volume/pressure. In progressive hydrocephalic patients, the ventricular fluid pressure (VFP) curve often showed a considerable amount of fluctuation of amplitude including episodes of very high pre ssure such as the plateau waves during long term monitoring. 6.9.20) While, these waves were not observed in patients with arrested hydro cephalus.
Radionuclide cisternography has been dem onstrated to be a useful diagnostic procedure in the evaluation of hydrocephalus in children. In progressive hydrocephalus there were uniform demonstration of ventricular reflux or stasis with delayed clearance from the ventricle and subarachnoid space. 6.9.22, 23) At the arrested state, transient ventricular filling with convexity flow was seen, but clearance was more rapid than in the progressive cases. In our three cases, it is evident that the decrease of ventricular stasis or transient ventricular filling accurately in dicates arrested tendency. Various changes in patterns of RI cisternography in the transitional process to the arrested state are influenced by the enlargement of the ventricle and the path ological change of the subarachnoid space. Therefore, additional information on quanti tative RI studies') in follow up of longer periods will be required.
The total value of fatty acid in CSF re markably increased in intracranial hypertension. Fatty acids increase has been also reported') in demyelinating diseases of the central nervous system. Authors32) described the total value of fatty acid and each fatty acid composition in CSF before and after the shunting operation for the treatment of infantile hydrocephalus.
When abnormally high values of total fatty acid continue after the shunting operation, the existence of pathological conditions were esti mated as: 1) fatty acid released into the CSF through the destructed blood-brain barrier; and 2) the shunting system is functioning well, but the synthetic processes of the lipid or fatty acid are abnormal in the brain tissue.
From our experience, if the total value of fatty acid decreases to normal range, these patients may be considered as having a surgically arrest ed hydrocephalus. When intracranial hyper tension continued, the total value of fatty acid was abnormally increased, and these results were considered partly due to the possibility of brain edema, brain tissue damage or abnormal metabolic change. In infancy or early childhood, the myelination of the brain tissue is very re markable, and as a result, destructive processes are apt to cause more considerable damage to the developing brain.
In arrested hydrocephalus, we obtained the following results: 1) abnormally high value of the total fatty acid decreased after the shunting operation; 2) no change in any fatty acid con tent even in a period of 2 to 3 years after the operation ; 3) the values of the total fatty acid related to a state of intracranial pressure; and 4) when a high or unstable value of total fatty acid existed in the course of several months to a year after the shunting operation, some remarkable organic change of the brain, which was different from the arrested hydrocephalus, was considered.
We are confident that the study of fatty acid metabolism in CSF together with protein and amino acid metabolism is significant, and ap plies to the effect of CSF pressure on the brain tissue in comparison of total fatty acid before and after shunting operation.
In the present study we investigated the clini cal significance of neurological findings, isotopic study, roentgenological studies, psycho-motor development, CSF dynamics and fatty acid me tabolism in CSF, individually, at the pre operative state and the arrested state after the operation.
It is certain that arrested hydrocephalus exists in varying degrees as causes of hydrocephalus vary. Various-dimensional studies gave us valu able data for the analysis of hydrocephalus. Diagnosis of arrested hydrocephalus should be made by collective judgement of the results of various examinations. It can not be evaluated on the basis of a simple examination.
In conclusion we should like to say that arrested hydrocephalus is difficult to differen tiate clinically from compensated hydro cephalus. In compensated hydrocephalus compensatory balance takes place, as reported by Milhorat,23> to eliminate the pressure gra dient between the brain tissue and the ventricle, that is, not only abnormal absorption of CSF but also such compensatory adjustments as ventricular enlargement, cerebral atrophy, and decrease of cerebral blood volume. Accordingly, we considered the compensated state to have bad influence on the brain, and the state cannot be said to be good. Surgical efforts should be made as much as possible in order to improve progressive hydrocephalus into an arrested state.
